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1.  /ilttixllirfii  ,1, 

It  has  1m'.'!i  sli.iwn  l.y  Fi  iiik  iiml  H.tI/.*  aii<l  also  latt-r  l.y  MoI.etitmn  ami 
Hi'DiliTsuiit  that  wiiL'ii  I'luclrttiif!  jiossessiiij;  kiiu-tie  eiifru'y  corrt'siMUKliinr  to  a 
fall  of  jiotentml  of  ni>i(roxtmntely  41»  volts  iU'.'  allowcil  to  uiioii 
lieaicil  iiiciciiiy  vajHnir  in  a  vacmiin,  th«  vaixmr  fiiiits  a  nii>n(K-hr.)tnatic 
raili.uioii  of  \vav("-liMij;th  \  =  iTiMi"!'  A.l'.  I!.  W.  W.mmI*  hai  also  sli  .wti 
that  if  lij;iit  of  this  tvave-lcn^'lh  Ik.'  iiiiiji'cteil  in  a  ^'iveii  ilireclion  into  he.  i  .l 
mercury  vapour  in  a  vat-uiini,  the  i»lienimipnoii  of  rosfinancu  coni"  into  j.jay 
an.l  a  radiation  of  wavf-lcn'jtii  \  =  J.M'.O-Ti'  A.l'.  i.x  re-emif  e.1  hy  tli 
vapour  iji  iliivclioiis  niakin;,'  ail  angles  witli  that  of  liif  ii  ,  .n^inu  li-i  •. 
t^>uite  recently  t<«j  it  has  bmi  shown  l.y  MoLentian  ami  Tliomsong  that  il 
mercury  vapour  be  introduced  into  the  Hanie  of  a  Uunsen  burner  there  issncx 
from  tho  tlamc  in  aiMition  to  ill'  ordinary  well-knuwn  linhi  of  tin-  I'.iin-^.'n 
Hanie  the  monochromatic  radiation  of  wave-kn!,'tli  X  =  l'.';;'J-7:.'  A.l'.  I'lu-e 
illustrations  serve  to  show  then  that  there  are  at  least  three  distinct  ajicncifs 
by  means  of  which  the  vapour  of  mercury  may  be  brought  into  a  state 
in  which  it  is  raiiable  of  cmittin-j  the  chiiractt'ri.stic  moiiochioniai ic  radiation 
of  wave-length  X  =  2i)3G-72  A.U.  Frank  and  Hertz  have  also  sliown— and 
it  has  later  lieen  confirme<l  by  Newmnnf — that  mercury  vapour  is  i..iiise«l 
when  electrons  are  jirojcotcd  into  it  with  a  velocity  equal  to  or  greater  than 
that  aciiuired  in  a  fall  of  ].otenlial  of  4-0  volts.  Tiiis  result  wouhl  tlicrcforo 
suggest  that  whenever  mercury  vapour  is  brought  into  a  condition  to  emit 
the  monochromatic  ladiation  X  =  2536-72  A.U.,  it  is  also  ioni.«ed  antl  should 
be  capable  of  exhibiting  electrical  conductivity.  Some  exi>erinients  made  by 
Steubing**  also  seem  to  suitport  this  sugi,'cstion,  for  be  foimd  tliai  im-rcury 
vapour  could  be  made  conducting  by  simply  passiug  through  it  light  of  wave- 
length X  =  2536-72  A.U.    It  would  seem,  therefore,  if  this  suggestion  should 

*  rruiik  and  llci  tz,  '  Verli.  il.  I>eut8(li.  l'liy>.  (;e^.,'  v.. I.  11,  p.  r)l»(i;)14). 
t  MoLciiiuiii  and  Henderson,  '  Itov.  Soc.  Pro..,'  A,  vol.  01,  p.  495  (1915). 
X  K.  W.  WmwI,  'Phys.  Zeit.,'  Jahrgong  10,  No.  13,  p.  425. 
§  McLennan  and  Thoaiiuin,  titpra,  p.  584. 

il  Frank  and  Hertz,  'Verb.  d.  Deutsch.  Phvs.  <Je8.,'  vol.  10,  pp.  457-4G7  (I'JH). 
IT  Xcwuian,  'Pliil,  Ma<;.,'  vol.  28,  pp.  laii  -lM  (N',jv.,  V.)H'). 
Steubing,  'Phys.     it.,'  Jahrgang  10,  No.  ii,  p.  787. 
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■urn  out  to  U'  corn^ct.  tl^.t  umry  vuiH.ur,  vslu'ii  i.vmJ.m  i,.,!  int..  a  P.uns.Mi 
r  „„.-  vl„,„M  W^;mu'  i-miM-l  uii.l  tliis  iMni8.»ti..n  sliouUl  !«•  muU-  ii.ui.uVst  l-y 
«„  increusi-  in  the  or.linary  .mdm-ma  in-wer  of  the  flai.i.v  Thougli 
nnin.'mn«  inv.^tiK«tow  have  experimented  u|«n  the  electrical  (  .mIh,  tivny 
,.t  sills  ot  .lilUMtM.t  i.u'tals  ii.  tlaim's.  hut  f.-w  api.-Mr  tn  l..ivr  iiia-U-  a  Mii.lv  u^f 

the  (  lurtivitv  ..I'  llu-  Vi.i»)m«  ol  tl.o  «iu.|  lo  iiaaal.s  lli.  i..s.'hv>.     lIiU..rl  « 

who  iuve.li^ate.l  the  conductivity  of  mercury  vup..ur  by  heating  tl»e  metal  in 
a  tube  and  i«wing  the  dischanse  fmni  an  ii..lucti..n  enil  throu-h  it.  .  aiao  to 
the  conclnsiun  that  it  v.as  non-ton.l.u  tin^'.  Werw.v  t  howver,  found  that 
the  vapour  of  mercury  .lid  conduct,  hut  laur  Btill  liraun:  showed  that 
narcury  vai-our  when  heated  f.  1000°  C.  did  not  exhibit  any  electrical 

conductivity.  . 

Sir  .1  J.  T)ioiiisoii.§  to...  f.^un.l  that  nicrcur/  vapour  even  at  very  hv^h 
temiK-mtures  was  a  gon.l  iusuhitor,  a  heller  one  in  fact  than  air.  under  MniiUr 
condition**. 

Strutt,!  who  invegti.^'ate.!  th.-  .■l.'etri.'al  c.ii.hi.  liviiy  ..f  n.er.ury  vai«.ur 
in  an  evacuatcl  quartz  tulti  heated  t..  rcluess,  uUo  f.jun.l  il  to  he  an 
insulator. 

E.  N.  daC.  Andrade*"  has  f.howii  that  strontium  vapour  increases  h.- 
cm.lu.tivitv  ..f  a  llnns.-n  Ham.'  ;ind  h.-  his  also  i.iesent.-d  s..nie  fat-ts  an.l 
,  unclu>ions"  drawn  from  tlieni  whicli  lea.l  to  the  view  that  the  jwaitively 
diar-i-.l  carriers  in  a  Hame  containinj;  a  strontinn.  salt  are  the  metallic  atoms 
of  SU-ontium.  I'ollok.**  Urtiu^;  ynu-  vai".ms  in  a  h.Mle.l  vacu.ui.  XnU;  Umud 
that  the  vapours  ..f  nietal<  and  '.h.-ir  ihL.ii.les  such  m  cadmium,  zinc,  and 
mercury  tonduoletl  the  current  with  yreai  ease. 

Froiii  the  rrxiimt'  just  fjiveu  it  will  be  seen  that  no  definite  conclusions  can 
be  drawn  re;.'ardin;_'  the  stale  ..f  iunisalion  of  iner^ury  in  a  r.uns.'U  llanie 
whicii  i<  radi;.liii;4  nion..chroniatio  lit|ht  of  w.ive-length  \  =  ■S.<M~:l  A.U. 
In  view  >A  certain  thcries  of  atomic  .structure  which  liave  been  presented  by 
Bohrft  others,  it  is  highly  in!i)ortant  t..  know  whetiier  nieieiuy  vapour 
which  is  in  a  condition  to  emit  this  radiation  \  =  2530-72  A.I'.  is  ionised  or 

♦  Hittorf,  '  Wii'.l.  Ann.;  v.,1.  7,  y.  y.>-2  (1870). 
t  H.TNv.-, '\Vi.  .l.  Am.,.,- V..1.  "(issni. 

*  Bnuni.  -Z.  it.  f.  IMiys.  Clin.i.,'  vl.  13.  l'.  ir-  (l'-«il). 

!;  .1.  .1.  Th.iiii.M.u.  •  I'lnl.  Mil-.-  (.-.).  vd.  i"...  p.  :iM  (1890). 

I!  Stl.ltt,  •  i'hil.  M.ijr.'  (0),  vul.  4.  1..  -AM  kVM-1).  . 
^  K.  N.  da  r.  Andiwle,  'Phil.  Mag."  (6),  vol.  1»'J,  p.  l'>  (UHi),  and  'Plul.  Mag.  \6), 
vol.  13S,  1..  88.-|(l!)12;. 
♦*  I'olk.k,  '.Sci.  Proc.  K..y.  Dublin  Soe.,'  X.S.,  v..l.  13,  p.  209  (1»11-13,. 
++  liolir.  '  riiil.  Mag.,'  voL  2(5,  pp.  1, 476  and  K>7  (1013;  ;  vul.  27,  p.  506  (1914)  ;  v..l.  30, 
j».  394  (1015). 


f.ht  thf    iniiiiitiiiti  )>j' Mt  fnl/ic  I'd/i        III  I'l'iniu-n,  iiUii 

tint,  ami  ill  order  t'>  iiKiain  iiil'iriiulioii  ni:  .nt  -ntii.- .'ni-'I iTiK-ut-^  wfic 

mailt'  hy  the  prtseiil  wiiU'iv<  ami  iln-  iv;        of  tlit'^if  ar<'  uivrii  in 
t  >lIowill^  efiittiiiuiiieatioii. 

1',  r,rll,ii  iini,  1/      ji'  ri,i'ri(> .  r-,//,  .)/,,,>',■,'. 

Ill  iiiaiiiii'^'  sdiiic  jiri'li'  iiuiry  t-xiifi inifiits  wiili  nn'ieiny  va]ioiir  a  I'liiiiscMi 
Irtiriier  A,      1,  was  sniruuiuletl  hy  a  liirp*  earlh-ci>ui»t(cl«l  iron  cylimU't  llll 


Fio.  I. 

I'lir  tlie  jmrjiose  of  »creenin<{  off  air  currents  from  t!«'  flaine.  Tho  buruur, 
wliii  h  was  jiroviiluil  ul  tlie  ti)]i  with  a  elo-c  littiii:^  tnlniliir  sii'..]  cu]!  ('(',  was 
alMi  ecunectei'  lo  cartli.  A  seutsitivi'  I  >"Aisuiival  .uahamum'lfr,  1»,  was  jilaceil 
HI  au  iiif<ulatetl  stand  and  one  of  the  terminals,  E,  was  joiiieil  to  one  end  of 
a  Itattery  of  small  storage  cells,  tho  other  end  of  wliicli  was  earthed.  Two 
earcfully  clrain'cl  jilatiiniiii  discs,  V  and  (r,  carii'il  l>y  insiil  iiiiiu'  su]iiM)its 
were  ht'ld  in  iMisitinii  in  tlie  llame.  Om-  of  lhe>o,  was  juincd  to  H,  thf 
second  terminal  of  the  galvanometer,  and  the  other,  (r,  was  joined  to  earth. 
The  <li.-i>  r  and  U  were  cacli  ;'■  em.  in  diameter.  AVitli  -this  airan'^ement  it 
Was  I'oiind  iliat,  as  soon  as  the  JUmsen  liuitier  was  li-liied  with  ihi!  tiilinlar 
eti|i.  ('<'.  emjity,  liie  ;,'alvanometL'r  siiowed  .i  detleciinii  whicii  indicated  liial 
a  cnrrent  wat  ]  issing  through  it  and  that  the  flame  wa.s  conducting.  Wlieu 
tlie  current  was  steady  and  a  few  drops  of  meicmy  were  jmt  into  the  cup, 
« 'I ',  an  increase  in  the  galvanometer  detfectioii  immediately  took  place.  The 
lie  u  from  the  flame  warmed  the  cup  and  this  was  «utUcient  to  vaporise  the 

0  2 
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mercury  and  supply  the  flame  v>  ah  a  stream  <.f  the  vapo.u.    Tl.is  increase  in 
the  enrrent  was  taken  as  showing  directly  that  the  vapour  m  the  Hame  was 
ionised     In  some  additional  experiments  photographs  were  taken  of  the 
flame  and  it  was  alwavs  found  when  the  cup.  CC.  was  empty  and  free  iron, 
mercury  that  the   lUinsen  tlame  spectr.nn  alone  was  ohtan.ed.  AMien. 
however  morcurv  was  introduced  into  the  cup  and  the  increased  conductivity 
was  exhibite..,  the  si.v.de  spectral  line  \  =  2536-72  A.U.  always  came  out  on 
the  plateB  in  addition  to  the  flame  siK..  trum.     In  m-  case   was  any 
trace  of  anv  other  spectral  Ihie  within     e  region  between  \  =  6000  A.L  . 
and  X  =  1800  A.U.  obtained.    It  wa,  thought  that   possibly  the  hue 
X  =  1.S49-6  A.U.  niiglit  have  come  out  on  the  plates,  even  though  feebly 
marked,  but  it  was  never  ob.erve.1.    In  .o  tar  then  as  these  experiments  go 
the  results  indicate  that  the  emission  by  the  vapour  of  the  monochromatic 
radiation  of  wave-length  X  =  2.-.:!0  72  A.U.  connotes  ionisation  of  the  vaimr. 
Tlie  exj-eiiments  also  support  the  view  that  when  the  valour  ae-ium-s  the 
power  to  emit  the  radiation,  it  simult  ineously  acquires  the  power  to  coiuhict 
electricity     Further,  it  follows,  since  for  the  stimulation  of  the  meitiury 
vapour  to  the  emission  of  the  radiation  X  =  25:?6-72  A.U.  by  electrons,  it  is 
necessary  for  the  latter  t.i  have  kinetic  energy  corresponding      a  fall  of 
potential  of  4-9  volts,  that  the  experiments  describe,!  -o  to  c  .uhrm  the 
conclusion  drawn  by  Frank  and  Hertz  from  direct  expermieut  that  4-9  volts 
is  the  ionising  potential  of  mercury  vapour. 

:>.  Further  E'lf  riim  nts  irilii  Mirnirij. 
With  the  apparatus  useil  in  the  preliminary  experiments  it  was  found 
difficult  to  maintain  the  current  through  the  flame  steady  for  long  periods  of 
time,  but  after  several  trials  the  modification  of  the  burner  sht.wn  in  tig.  2 
was  foun.l  to  -ive  very  satisfactory  results.     To  the  top  of  an  ordinary 
Bunsen  burner  a  brass  cylinder,  KL,  3  8  cm.  in  diameter  and  8  cm.  in  height, 
was  soldered.   The  top  was  closed  by  a  lid  provided  with  an  aperture  18  cm. 
in  diameter,  into  wliich  there  was  inserted  a  short  tube  0-r>  cm.  in  len-.^th. 
Another  brass  cylinder,  2-8  cm.  in  diameter  and  7  cm.,  in  length  was  held  in 
the  centre  of  the  tube,  KL,  by  means  of  three  asbestos  supports.   This  inner 
cylinder  contained  a  fused  quartz  tul«,  F,  1  cm.  in  diameter  and  about  8  cm. 
in  length,  drawn  olV  to  a  neck  about  0-.^  cm.  in  diameter  at  the  upper  end. 
A  .  01°  of  manganin  wire,  MX,  was  wound  round  this  .piartz  tube,  and  the 
ends  were  led  out  as  shown  in  the  figure  through  two  openings  in  the 
cylinder,  KL,  fitted  with  small  porcelain  insulating  plugs.     A  layer  of 
asbestos  paper  was  wound  round  the  coil  of  manganin  wire,  and  then  the 
whole  space  between  the  (luartz  tube  and  the  brass  lulje  next  to  it  was  filled 
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witli  lilaster  of  Paris,  whicIi  on  solidifying  k.  iit  eveiytiiiM;j  riuiil.  Tlie  top  of 
the  (luartz  tube,  F,  cMnio  just  level  with  the  mouth  of  tlie  burner.    When  the 


'JUS  was  liuhtcil  a  lai«_'e  clt'.ir  iWniscii  llaiiii-  wa^  easily  i]i:iiiilain'.'>l  a'mvi'  tlu' 
iiiiMiili  lit  the  li\irner.  Tlie  iwu  eleetroiles,  A  and  1),  were  placed  in  the 
centre  of  the  flame  as  shown  in  the  ti>.mre.  and  the  connetitions  with  the 
iralvanonieter  and  the  battery  weie  ilie  same  as  before.  Tlie  luinier  anil  the 
screening  iron  cylinder,  CD,  were  buth  kept  well  earthed.  Witli  this  form  of 
Imrner  nierciiry  cmild  be  inserted  in  the  tuiartz  tube,  ami  before  a  heating 
current  wa.s  passed  through  the  circuit  a  set  of  readings  could  be  taken  on 
till'  conductivity  of  the  simple  llame.  A  steady  current  of  sutlieient  intensity 
111  bring  the  furnace  up  to  a  selected  temperature  could  then  be  sent  through 
the  circuit,  MN,  and  in  this  way  a  steady  stream  of  mercuiy  vapinir  could  lie 
supplied  to  the  flame.  The  conductivity  of  the  flame  could  then  Ije  investi- 
gateil  under  these  conditions  and  the  proportion  contributeil  by  the  vapnui' 
ascertained.  With  this  lorni  of  burner  it  was  found  that  exceedingly  stcaily 
readings  could  !«  obtained,  provided  sufficient  time  was  allowed  to  elapse 
after  the  heating  current  was  turned  on  for  the  furnace  to  reach  thermal 
eipiilibrimu  with  its  surroundings.  As  tlie  burner  as  well  as  the  electrode  A 
was  earthed,  it  will  be  seen  that  part  of  the  current  in  tlie  Haine  always  went 
to  each  of  them.   This,  however,  made  no  difference,  for  the  readings  taken 
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were  always  cnmiMrativ.'  uiu-s.  tl  set  Kvin-  lak.'ii  with  tlu-  lice  iKuiu- 

and  the  "IImt  wlifU  it  was  kc'i-t  Mipi-lu'-l  witii  tin-  lui'ivuiy  vapour. 

In  a  i-articuLir  s.-t  of  experiments,  wliioh  will  «erve  to  illustrate  the 
coniluctivity  of  tlie  mercury  vninmr  in  the  tlanu-.  a  .-..lics  m'  u'.,,]w^<  ■■W'-u 
l,y  the  ..'alvMiini.H.ier  \va-  laU-'U  wlirn  ll.c  votontial  ol  the  h.iltcry  was  varir,! 
from  r/up  to  li.-i:  volts,  an.l  tlio  ll.uur  was  free  of  mercury.  A  current  of 
5o  amperes  was  then  sent  through  the  heatin;,'  circuit,  and  when  the  f.iin  n  e 
attained  fiiermal  e.piilihriuu.  wiili  its  surrouiidin-s  aii^l  ilie  supi.ly  n| 
niercnrv  to  the  lla.ue  wa^  ■••a.ly,  llie  second  set  of  readin-s  was  taken  with 
tlie  same  applied  volta-es.  Table  I  .yives  the  results  of  this  particular 
experiment.  Tlie  applied  voltaj^es  are  i^iven  in  column  I,  and  the  .galvano- 
meter detlr,:;-ii>  willioul  and  wiili  the  Hureiiry  vapour  are  -iwn  in 
columns  II  and  III  respectively.  -Ilie  .lilferences  l.etwceu  the-'  readiu-s 
are  given  in  mluuin  IV,  and  they  represent  the  measures  of  the  conductivity 
contrihute<l  hy  the  vapour.  (.'urves  covie>pMiidiM:_'  to  the  readin^.'s  in 
eolumns  II  and  111  are  -ivn  in  li-  and  tiie  eurve  in  li-  4  rejaescnts 
the  ditlerence>  given  in  cdunin  IV.  Fmm  llie  form  of  the  latter  eurve  it 
will  l>e  seen  that  a  saturation  current  was  approximately  olttained  with  the 
vapour  when  the  applied  potential  was  about  240  volts. 

T.i'ile  1. — Jlercurv. 
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4.  Eriuriiiiint^  witli  Xiiir,  C'uldiii'iii,  sill  III,  mul  Tli'ilUnm. 

Ziiu:—\n  the  iiaper  on  llie  Hume  sputtra  of  metallic  vapourn  l>y  McLennan 
and  Thomson*,  it  has  Ijeen  shown  that,  in  their  experiments  on  photo- 
graphinj,'  tlu'  spectrum  of  a  ]>iiii.sen  tliiine  iiilo  wliitli  a  >treiini  of  zinc 
vapour  was  passeil,  no  trace  of  any  of  the  lines  in  the  spectrum  uf  zin<;  was 
obtained.  Although  the  intei  ity  of  the  flame  was  made  as  higl  is  possible, 
•  McLenuan  and  Thonisun,  typm,  p.  5»4. 
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nothing  came  out  on  the  iilates  exct  jit  thi'  i-rtlinary  Bunsen  tlame  spectrum. 
This  result  was  rather  surpiisiuj;,  fi>r,  in  a  previous  paper  by  McLennan  and 
Henderson,*  it  had  been  shown  that  it  was  possible  to  make  zinc  emit  a 
spectnuu  consisting;  fif  the  sintrK'  line  \  =  ."'OTo'OO  A.U.,  wlien  the  elections 
were  projected  into  the  vapour  with  kinetic  energy  acquired  in  pasfsing 
through  a  fall  of  potential  of  about  3'96  volts.  Moreover,  de  Wattevillef 
and  also  Kaniiigc.^  tVmiul  that,  when  sprays  of  solutions  of  zinc  salts  were 
sent  into  a  liiinsen  tlauic.  tliis  single  line  came  out  with  great  clearness.  It 
would  seem,  therefore,  that  it  is  comparatively  easy  to  stimulate  the  zinc 
vapour  to  the  emission  of  light  of  tins  wave-length,  especially  when  it 
is  associated  with  a  salt  of  this  metal.  In  the  experiments  of  McLennan 
and  Thomson,  however,  as  stuted  aliove,  no  trace  of  the  line  was  obtained. 
It  should  also  be  pointed  out  that  the  lines  X  =  253072  A.U.  and 
\  =  3075  99  A.U.  are  n-spectively  the  first  members  of  Paschen'sg  combina- 
tion series  v  =  (2,  pj)—un,  S),  for  the  elements  mercury  and  zinc,  and  that 
this  was  an  additional  reason  lor  expecting  that  the  zinc  vapour  in  the  Hanie 
would  emit  a  radiation  analogous  to  that  emitted  by  the  mercury  vapour. 

In  view  of  this  result,  it  became  interesting  to  see  if  zinc  vapour,  when  led 
into  a  Bunseii  tlame,  would  produce  any  increase  in  the  conductivity  of  the 
latter.  Tlie  form  of  apjiaratus  shown  in  tig.  2  was  well  suited  to  examine 
this  point,  for  it  was  only  necessary  to  insert  a  fresh  quartz  tube  in  the 
burner,  and  place  pieces  of  the  metal  zinc  in  it  instead  of  mcicury.  It  was 
found  quite  easy  to  vaporise  the  zinc  Ijv  means  of  the  heating  circuit,  and  on 
doing  this  it  was  found  that  the  presence  of  the  zinc  vapour  in  the  flame 
made  no  difference  to  the  conductivity  of  the  latter.  A  typical  set  of  results 
is  given  in  Table  II.  The  applied  voltages  are  given  in  column  I,  and  the 
deflections  without  and  with  the  vaj)our  in  the  flame  are  given  in  colunms  II 
and  III.  The  dilferences  between  the  readings  are  given  in  colunni  lY. 
These  two  sets  of  readings  are  plotted  in  fig.  '>,  and  they  show  clearly  that, 
for  the  range  <if  temjieratures  investigated,  the  conductivity  of  the  flame  was 
quite  unaffected  by  the  presence  of  the  zinc  vapour  in  it.  The  experiments 
with  zinc  va])our,  therefore,  go  to  show  that,  if  the  zinc  vapour  is  not 

♦  MiU'iinaii  i-u(l  Henderson,  'Roy.  Soo.  Proe.,'  A,  vol.  91,  p.  485  (1915). 
t  De  Watteville,  'Phil.  Trans.  Roy.  Soc.,'  A,  vol.  204,  p.  139(1904),  and  'Comptes 
Bendng,'  No.  142  (1906). 

}  Ramagr,  'Roy.  Sm-.  Piw.,'  veil.  70,  |i.  1  (1007). 

§  Rtochen,  '  Auu.  der  Phy.s.,'  vol.  30,  p.  746  (lS)oa),  and  vol.  3'>,  p.  860  (1011). 

II  In  the  Bymbolic  equation  v  »  (h,  X)  --^  (»i,  Y,)  the  fre<(ueDcies  are  given  by 

»  ■=  —  — r   —  Ti^,  where  N  is  Uj-dlierK  s  number,  /<  has  ji  fixe' 

[«  +  X+./  („,  X)]-   [,«  +  Y+//(m,  Y)]-'  ' 

value,  either  integral  ur  one  of  the  numlieiii  I'u,  2  0,  3'5,  etc,  uud  m  liaa  Mucessive 

integral  values,  each  one  giving  the  frequency  of  a  member  of  the  series. 
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subjected  to  a  stimulation  sufflciently  intense  to  oauae  it  to  radiate  light  of  a 
wave-length  X  a  3075-99  A.U.,  it  is  not  ionised. 

Tablp  II. — Zinc.   Distance  between  Plates  0*8  cm. 


Volts.  Without  zinc  Tapour.      With  sine  Tapoor.  Differenoe. 

 \  \  

Column  I.         j        Colnmn  II.        |       Column  III.  Column  IV. 


1  cmi. 

cms. 

cms. 

6 

1  1* 

1  •-. 

-0-1 

20 

4-9 

4  3 

-0  6 

40 

6-9 

7  -4 

0-6 

60 

9-2 

10-2 

1-0 

78 

11-9 

WO 

1-1 

102 

!  16-8 

15-3 

-0-3 

120 

i            IS -7 

16  -4 

0-7 

140 

19-2 

18 -S 

-0-4 

liil 

19-b 

2<l  '4 

0-8 

IM 

\  21-4 

25  -2 

3-8 

201 

'  22-1 

23 -0 

0-9 

221 

31-0 

29-1 

-1-9 

230 

25-2 

30-6 

5-4 

0  40  60  120  160  200  240 


VOLTS 

Fio.  5. 

b  3 


600  Plot".  J.  C.  McLennan  and  Mr.  D.  A.  Keys. 


Cadmiuia. — In  the  spectrum  of  cadmiuin  the  lines  \  =  3260-17  A.U.  and 
X  =  2288-72  A.U.  are  s^tecially  important.  They  are  respectively  the  first 
members  of  the  combination  series  v  =  (2,  m,  S),  and  of  the  sin<.'let  series 
V  —  (1-5,  S)— (*//,  P).  Moreover  they  are  the  only  lines  which  lue  absorbed 
by  non-luminous  cadmiuin  vapour  in  the  region  between  \  =  tiOOO  A.U.  and 
X  K  1900  A.U.  Further,  according  to  de  Watteville  {loe.  eU.)  and  Bamage  (/oc. 
eit.)  the  line  X  =  o2G017  A.U.  is  the  only  one  which  comes  out  in  sixctro- 
grams  of  Bunsen  flames  fed  with  a  spray  of  aqueous  solutions  of  cadmium  salts. 
If  electrons  be  projected  into  heated  cadmium  vapour  in  a  vacuum  tube  with 
kinetic  energy  equal  to  that  acquired  in  a  fall  of  potential  of  about 
3-74  volts,  it  is  found  that  tlie  vapour  radiates  light  of  the  wave-length 
X  =  326017  A.U.,  and  of  this  wave-length  only.  Further,  it  has  been  shown 
by  McLennan  and  Thomson  {loc.  eit.),  when  using  a  burner  similar  to  that  shown 
in  fig.  2,  that  if  a  stream  of  cadmium  vapour  be  sent  into  the  flame  the  line 
X  =  3260-17  A.U.  conies  out  quite  strongly  when  the  flame  is  burning,  even 
with  moderate  intensity,  and  when  the  draught  is  forced  and  ;i  larger  supply 
of  the  gas  provided,  so  that  the  flame  bums  strongly,  the  line  X  =  2288-72  A.U. 
comes  out  as  well  as  the  line  X.  =  3260  17  A.U.  However,  when  experiments 
were  made  by  the  writers,  botii  with  strong  and  with  moderate  flames,  the 
conductivity  was  the  same  wlien  the  flame  was  supplied  with  cadmium 
vapour  as  when  none  of  the  vapour  was  present.  Contrary  then  to  what 
was  expected  these  experiments  lend  no  support  to  the  view  that  cadmium 
vapour  is  ionised  when  it  is  in  a  state  which  renders  it  capable  of  radiating 
light  of  wave-length  X  =  3260-17  A.U.  or  even  of  radiating  light  of  wave- 
length X  =  2288-72  A.U. 

Maynvsitim. — In  the  spectrum  of  magnesium  the  line  X  =  2852-22  A.U. 
appears  to  be  the  one  of  special  importance.  It  is  the  first  line,  according  to 
Lorenser;*  of  the  singlet  series  v  =  (1-5,  S)— P).  It  and  also  the  line 
X  as  2026-46  A.U.  have  been  shown  by  one  of  usf  to  be  strongly  absorted  by 
non-luminous  magnesium  vapour.  It  has  also  been  shown  by  one  of  us 
(/oc.  cit.)  to  be  the  only  line  in  the  magnesium  spectrum  emitted  by  the  vapour 
of  this  metal  under  bombardment  by  electrons  with  kinetic  energy  acquired 
in  a  fall  of  potential  of  from  4  to  5  volts.  Moreover,  as  de  Watteville 
{loc.  rit.)  and  liamage  {loc.  cit.)  have  shown,  it  is  the  only  line  of  the  mag- 
nesium spectrum  which  comes  out  in  the  spectrum  of  a  Bunsen  flame  fed 
with  the  spray  of  aqueous  solutions  of  magnesium  salts. 

liveing  and  DewarJ  observed  the  line  X    4571*38  A.U.  in  the  spectrum 

*  LoreD8er,  '  Inaug.  Diss.,'  TiiUngen  (1913). 
+  McLennan,  mpra,  p.  574. 

I  Livetng  and  Dewar,  *  Bay.  Soc.  Proc.,'  voL  38,  p.  188  (1881). 
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of  tilt-  light  tioia  mii;;iiesiuiii  Idirning  in  air,  and  Eder  ami  Valenta*  aim 
ion  a  it  in  the  spectrum  of  the  light  from  a  P.unsen  ttanie  if.l  with  muR- 
nesiiun  i«'\vriiT.    I'.nth  of  tlit>sf  ].airs  of  iiivf^ii-atnis.  liowrvi-r,  I'nuii.i  «\\ii  t 
niiinnesium  lines  us  wi-ll  in  tlieir  spfctii'.unuiis,  iiml  thi-  i-vi.k-neo  whii  li  thfii 
work  offers,  wliilc  emphasising  the  importan  -  of  the  mas:nt>sium  line 
X  =  4571-;M  A.r.  in  the  magnesium  siifctiiiin,  i\»r>  ii"!  ilflinitcly  p"int 
to  its  havint;  alto-.a'tlu'r  a  fniulinu'ntal  eliai.i'         Thr  ovi.lfiK  c  ratlu  r 
to  «hovv  tiial  it  is  potiMble  to  stimulate  magnesium  vapour  to  the  emission 
of  liglit  of  wave-length  X  =  28521*2  A.U.  without  an  accomianying  emission 
of  light  of  wave-length  \=  4:.71:!s  A.!'.,  and  thai  wlien  the  siiuiulaii.ni 
le-^ults  ill  the  aiii't  aiancc    I  \  =  4.'7l  :;s  A.U.  in  the  speetrum,  it  is  neces- 
sarily accompanied  l.y  tiie  line  \  =  JSr.li'iJL'  A.l'.  It  is  the  line  \  =  2852-22 
A.r,  which  api»e  irstobe  the  fundamental  one.    In  view  of  the  importance 
■  I'  this  line  in  the  spectrum  of  magnesium,  it  is  ><(  cuiisideiaMe  interest  to 
know  whetlier  or  not  magnesium  vaiiour  when  it  is  in  a  state  to  emit  liie 
ra.liation  is  also  in  a  state  to  .■\hihit  elettrieal  eomluctivity.    Our  oxi»eri- 
mentB,  therefore,  were  extended  to  include  a  study  of  the  conductivity  of 
tlaiiies  fed  with  the  vapour  of  this  metal.    The  ai>i)aratus  a'.'ain  used  was 
that  shown  in  tig.  1'.    In  tiiis  case  it  was  found  that  the  con<luetivity  oi  the 
liunsen    flame  was  greatly  increased  as  soon  as  the  n»agnesium  vn]ionr 
was  sent  into  it.    It  was  also  shown  that  simidtaneously  willi  the  .u  p  in  - 
rence  of  the  in.  ivaseil  eonductivity  the  vapour   in  the   tlanie  hegan  to 
emit  strongly  the  monoeliromatic    radiation  oi   wave-length  \  =  2S.rJ-22 
A.U.     The  results  of  one  of  a  numl)er  of  sets  of  observations  are 
recorded  in  Tahle    111.     Tlie  applie<l  volta-es  are   given  in  colunin  I, 
and  iii  Column  II   tiie   galvanometer  dctleetious  hefoie  the  vapour  was 
sent  into  the  flame.    In  column  III  the  deflections  are  recorded  whicii  were 
obtained  when  the  furnace  had  reached  thermal  equilibrium  and  the  flame 
was  being  fed  with  a  steady  stream  of  vapour.    Column  IV  contains  a  set  of 
deflections  obtained  a  few  hours  after  the  heating  circuit  had  l)een  cut  olf  and 
the  furnace  had  become  cooled  down  to  room  temperature.    Column  V 
contains  the  differences  between  the  readings  in  columns  III  and  IV.  Curves 
representhig  these  deflections  are  shown  in  tig.  G.    It  will  be  noted  fnnii  tlie 
deflvctioiis  in  columns  II  and  IV  that  the  conductivity  of  the  flame  was  miidi 
less  before  any  magnesium  vapour  had  heen  sent  into  it  than  what  it  was 
after  the  furnace  had  been  cooled  down  and  the  supply  of  vapour  cut  off. 
The  explanation  of  this  high  residual  conductivity  of  ilio  flame  caused  some 
trouble  at  first  but  it  was  finally  traced  to  the  existence  of  a  fine  layer  of 
magnesium  oxide  vrhich  had  become  deposite<l  upon  the  eleetr'  les  while  the 
♦  Eder  and  Taleuta,  'Atlas  Typiicher  Spektren,'  p.  18. 
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flame  wa.s  U'iu^' f'wl  willi  tin- v;ii"Mir.  Thi'  tliHeivnct's  Iiotweon  tin' uMdiirjs 
ill  ruluiiiiis  111  aiiil  IV.  iiiiiiu'ly,  till'  i!i!iiilicis  ill  i-.iliiiaii  \',  iii.iy  i"'  l.ikeii. 
therefore,  X>>  iviu-eM-nt  llif  i  iniiiuclivil  v  aclimlly  (•KiUiiKuUMl  \>y  the  vajiuur  in 
the  iiaine  under  steady  cnuilifi.ins.  It  is  <>f  interest  to  note  that  witii 
iiiauiie.*iiiiii  a.s  with  inciciirv  -,iluiati"n  v,;i.n  uLiaiin''!  \\ith  ahout  L'4(l  \<i\l-i. 
AVilh  iiin'iin''iuiu  ii  wcmM  ajipi^ar  tlini  that  when  tin-  va]"jur  in  tin'  tlaiiic 
is  in  the  toiidilinn  to  emii  mijiiniiiiDnialie  ladiatiiiu  ut'  wave-Ieugth 
\  =  '2Hii'2-'22  A.V.  it  i.s  also  strongly  ionised.  One  eannot  say  definitely, 
however,  tiial  the  i  niiditinns  wliii.li  detenniiie  the  innisati.m  aie  the  saiin'  as 
thnse  which  give  the  vapour  tin-  iiower  tiM-iiiit  the  radiatinu  \  =  :iS.'>J-2l!  A.U. 
aliiiie.  We  have  .seen  that  with  riduiiuiu  vapuur  in  the  lUinseu  tiaiiie  it  was 
jwssiible  to  obtain  the  line  \  =  r.2tjO-17  A.U.  and  the  line  \  =  *J2.S8  ~1*  A.U. 
Thr  line  X  =  liS.'i^'L'li  A.V.  has  heeii  shn'.vn  recently  hy  Liireii~er*  h>  he  the  tiist 
line  111'  the  .'^inglet  .series  v  =  {l  o,  S )  —  (»(,  P),  and  the  line  r  =  2U2G-4(i  A.U. 
the  second  member  of  thi.s  series.  As  jiointed  out  above  both  of  tiiese  lines 
chariK'terise  the  absorption  spectnim  <•  magnesium  vai«air  and  it  is  jmssible 
that  railiatimis  ci>ri'cs|Miiidin.;'  ni  them  and  to  dliici'  inciiiliers  i,i  the 

.series  as  well  were  emitted  by  the  vaiMUir-ladeu  llaiiie  but  that  the  intensity 
of  the  radiation  of  the  memburs  of  the  higlier  freijueneies  was  too  weak  to 
leave  any  iiiipie.i.sidii  cm  ili,-  iihiit.i^raiihic  plates.  .Vll  that  can  be  said 
detiiiitcly  is  that  the  va])oiii'  in  the  tl.iine  was  iciiii^iMl  and  that  at  the  same 
time  it  was  strongly  emitting  monocliromatie  li^ht  of  wave-length 
X  =  2So2'22  A.U.    As  indicated  abuve  t!ie  line  in  the  magt»esium  sjieetrum 

♦  Liiixiiwr, '  Inaug.  Diss.,'  T«binj{eu  (1!)13). 
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oailinium  losi.o.livdy  is  uivcii  l>y  \  =  4."7l  :".8  A.V.  Tliis  lin.>  lias  bwii 
t'ouiul  in  the  arc  siiL't;trum  of  nui-iiesiuiii,  aiul  as  alivady  meutionetl  it  haH 
lieeu  found  by  some  exfieiiuientevs  in  the  Bunsen  tla«u>  ^wctruni  of 
magnesium,  but  in  none  of  the  experiments  made  by  us  with  the  magnesium 
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v.ijmui-l.i.li  ii  lla  s  was  aiiytiaic.it"  tin-  liiii-  oliliiiiictl  in  tlie  ^{leciio^riiiii-* 

taken.  Mdicuvcr.  in  stiiue  i'Xj>t*ninfnts  mtuh  Itv  om>  "f  some  tiiuo  a$;u 
and  recently  n?n«»tetj  it  was  found  tlint  wlien  olt'ctmns  wen-  inoji-cteil  into 
luagnesiuiii  vajMnir  in  a  \a(  nuni  with  i:iih!ually  inrit'a>iii^  vi'lociiifs  nu  trari' 
of  a  spectral  liiii'  was  nlitaiiicl  in  thf  lijiiit  from  tin-  vaiioiir  until  tlio 
electrons  were  •.'ivcn  n  siM't-d  corrfsiionding  to  betwp«»n  4  volts  and  5  volta 
fall  of  potential.  Win  n  tliis  -jpi.  tl  was  reacheil  \  =  L'S'i'  ll'  \.V.  eanit>  out 
stimiulvnn  tilt'  plalc^.  With  -till  t'lcnti'r  spcfds  no  aililitiiiiial  lines  ninit* 
out  until  till-  kinetic  iMifii:y  of  the  fK'ctrons  eorrt's|M(ii(l.'d  to  a  tall  of 
IKitential  of  alHmt  7'5  volts.  When  this  jiotentiiil  was  reiiche<l  the  an- 
suddenly  strm  k  and  tlic  iiMny-liiifil  si»'(  truni  eann'  mu.  < 'oniliiniiii;  all 
thi'se  rt'-iilt  -  it  woiiM  stvm  tli  it  in  tlii'  case  of  nuij;n>'siuni  vapour,  ionisatiou 
does  not  lake  iilat  e  until  tlir  conditions  are  such  as  to  enable  the  valour  to 
ladiate  light  of  wave-lenytli  \  =  2852  22  A.U.  If  this  Ix^  so  it  would  apja'ar 
that  on  llif  iiuaiitnin  tlicoiy  tln'  frtMiiicniy  of  the  liiM' \  ss  2852  22  A.l'.  is 
the  one  which  dotcrniines  the  iouisini:  iiuicntial  of  iii  i;.'iieNium  vaixiur.  From 
the  equation  Vi •  = /(c  it  wouM  ij'iiear  tlieu  that  the  ionising  imtential  for 
iitonjs  of  this  metal  is  4'28  volt.«. 

TIn'lliiini. — Sonu'  cxjiiTiiiieiii -  w.  ie  also  luade  on  tlie  conductivity  of 
thallium  vapour-led  llunscn  tliiiiics.  With  tiiis  niclal  it  was  found  that  the 
j.resence  of  the  vapour  greatly  increasetl  the  conductivity  of  the  flame  and 
t'.iat  it  was  ditlicult  to  obtain  a  saturation  current.  Table  IV  contains  a  set 
of  readings  token  with  this  metal  and  the  curves  in  tig.  7  and  8  represent 

Table  IV. — Thallium.   Distance  between  Electrodes  =  0-9  cm. 


WitliiMit  tlialliiini 
Tajmiir. 

Witli  tliallium 
vapour. 

Uifference. 

Coluuin  1 

CoIUDlll  11. 

Column  III. 

Column  IV. 

ejn». 

cm*. 

CIIIS. 

6 

0-3 

1'  -0 

1  -7 

20 

0-5 

12 '  i 

2-2 

3'.» 

0-9 

a  ti 

2-7 

5!t 

1-1 

4-4 

a -3 

m 

\  -3 

H-2 

4  » 

102 

1'45 

6« 

5-3 

120 

1-6 

H-O 

6  5 

140 

1-0 

'.••4 

7  -H 

161 

1-H 

11  it 

lo-l 

164 

2  O 

la  o 

11  0 

3(e 

2-05 

17-:! 

222 

2-2 

24  -4 

22  -2 

24.3 

2 -as 

31  () 

♦  MvLennan, '  Roy.  Soi-.  Vxoc., 

A,  vol.  92,  p.  30.'>  (1915). 
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thcni.  In  taking  tlienc  rewliiiuH  tin*  i»eiisitiv«>in»!«i4  of  tlte  KiilvHinrtiieUT  WiW 
greatly  retliiml  At  tlie  wmw  www  tl.i-  n  ailiiiL's  wdv  lakeii  tlf  -i.t'ct  i  iiiii 
of  tho  tlaiiH.'  was  i.li..t.H^'iaiili(Ml  aii.l  it  w.is  l..iiiia  tlml  wli.'U  tlie  vajH.iir  was 

prebcut  ill  tlu-  tluiiiL"  ll  iily  liiifs  in  ilie  .•.i>fi  trum  of  ihalliimi  which  fiuiie 

ottt  were  theme  of  wavo-lcngth  X  ■  SS.'O'Ua  A.U.  aii»l  \  «  ;»77v>-.ST  A.I . 
These  linen  are  tl»e  ttr»t  members  of  them;oiul  nnbonUuate  v  » (2.  /'i)— t'". 
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and  V  =  (2,  2'2>— («',  ■<).  The  lines  whose  frequencies  are  given  by 
y_(1.5_S)-(2,7>A  and  V  =  (l-o,  S)-(2,  V\  are  not  yet  known  for  tlie  sj.ec- 
trum  of  thalliiun,  ami  cnnsenuently  one  cannot  be  certain  where  to  look  for 
them.  They  are  proViably,  however,  in  the  extreme  ultra-violet  region.  Had 
they  been  known  or  been  found  one  might  have  deduced  the  ionising  potential 
for  thallium  vapour  provided  it  were  shown  to  act  in  a  vacuum  in  a  manner 
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aiuilov'iini)  citln'r  t"  tli«  vajtottr  of  iiM'r^Mirv,  zinc,  ni»tl  rinhnt«Hii  or  t<»  thiit  ol" 
iiMgiieMniii.  Witli  tlmlliuiii  Hnn  ilic  i  .  -nlts  .kIkiu-  iImi  \  v.ii"Piu  <if  tin'  metal 
iiii  KM-c-' tlif  cmicliK  ti\ iiy  iif  a  I'.iiiim'h  ll;iiu<',  ami  that  ;it  tlio  .sum' liiiit!  art 
lilt!  uililid  c.iiiilintivity  is  ( i.nliil'Utfil  miiiiiti«»n«  .»f  the  wnve-lennths 
X  «:  5350  05  A.I'.  mill  X  =  377.".  87  A.U.  iire  i-tnittml.  It  f»houia  be  ]NnnU>«| 
oni  in  this  omneiiion  t\mt  Ramn^e*  who  iiiveMiipUiHl  tho  s]«ctriiiu  of  Bumwii 
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tlaiin's  into  wliicli  nu'tallir  liialliiiiii  or  a  .siniiy  nf  tlu"  .tiiUfoiis  sohitiuhs  of 
lhalliiiia  mi1i>  wa.s  iiijecteil,  louiicl  tim  line  \  =  5;5riO'C."  A.I'.  to  lie  the  tmly 
one  which  came  out  iu  aiklition  tn  the  sjwctnim  of  the  IVee  Hame. 

It  was  uxiifcteil  in  vintkn'takin;4  these  experiments  to  airivo  at 
iletinite  information  reganling  the  nature  of  the  atomic  structure  of  the 
*  Kaiuage,  'Roy.  Soc.  Pnx-.,'  v..l.  TO,  X.>.  459,  p.  1  (1902). 


(tn  Ihf  l<,„ls'ih,n,  ,,/  Mi  fiitli'r  V'i/,o'ti'«  in  Ffftttii'H.  «;«>7 

Ill-till-  inM'>ii-:ii.M.    Th..-  liowwor.  :iiv  ii-'t  iM.ticliisive.    An-.M-liiij;  u> 

tlio  th-.i.v  a.lvaiu v.l  \,y  lU.lii ,•  ioiu*ili«ii  i>i  all  al..iii  etiii  t.iily  In-  ftii<l  ti.  tuki' 
Itliwe  when  tlio  aiHtiirbiiig  ajjeiicy  can*'*  "iw  oi  iiinii-  ..f  tlif  t  h'<.iinii!»  n  an 
iitnni  to  !«•  ""It  I'LMiii  iiM'ii!  i'!.  ,  iruiiif  >\Mi'U\  1«-v.... 

•  mteniK'Ht  ^tatiniiai y  oi  ii.iii-iailiaiiii^  uiKii  ..|'  llif  alDiii.     M.  ' 
elcttK.iH  in  i«auriiiu«  to  ili.-  iMrinHiu'iil  loutij-iiriUion  ••oitl.l  fii>    .i«!it  ..f 
only  on«  wnve-leiiglh  tlien  if  tlie  at..iii  |.imHCf«MMl  lait  at  most  ..no  N,,.ti.>ii.iry 

or  ii.iii-radiatiii.i:  .al'it  <.iil>iilf  the  |.«'rmaii.'nl  >'tifs.     'Hk-  tl  ly  "f  •''«>li»'. 

however,  hyiH-iliecules  many  of  UiokJ  staii..iiaiy  ..il.itsevcii  f.ir  aloiim  of  U»' 
simpleHt  structure.    It  would  follow  then  on  thU  tlK>«>ry  tliat  if  un  tit..iii 
emitu  liKht  of  but  one  wave-length  it  uainiol  1..-  sai.l  to  I'.-  ioiiiH-.l.  Th.' 
vfsults  .if  the  t.-xiH^'iimeiits  with  meicury  vajKair  w.ml.l  iiuliiati'  Uail  llu' 
theory  is  iiivali.l,  i.-r  th.-  .;vi.leii.f  -oes  to  show  that  tlie  ra.liation  emitted  by 
the  atoms  of  the  vajiour  was  entirely  monochroniutie,  and  at  th.-  siimt!  lim.- 
it  supports  llic  vi.'W  tlial  .  ulei  th.  sc  .•ii.  iiii.-taiic-  the  va|.our  sva-^  i..ir.s.".l. 
Tlu' i.'siilts  witli  zitir  are  iiitoiielusive.    With  (.a.hiiium.  on  the  ollu  r  haii.l, 
we  tiii.l  that  til.'  vapour  in  tlie  tlanie  emitU'd  li^'ht  of  at  least  two  wave- 
lengths, and  yet  the  vaj-iur  did  not  apiH'ar  to  l.e  i.^nis..!.     This  i.sult 
mipjwrts  Bohr's  i-..iitri.tiiiu  ..|'  atomif  stru.  tuiv.    Tii.'  n-ulls  nl.t ain.'.l  wiili 
imv,' •'sium  vai>our,  just  as  those  ohlaine.l  wiili  na-iLuiy  vai".Mr,  ai.- oitose.l 
to  Bohr's  theory,  for  with  this  vai>our  in  the  tlamo  we  obtaiiie<l  ionisatioii  of 
the  V.  ,  ••irandat  the  same  time  an  .■niis~i..M  .-f  ra.liati..n  of  apl>aivntly  hut 
..lie  wavi-l.'ii'4ii.    Finally,  tli.'  ivstiUs  .,l.iaiii.  .l  with  lhalliiim  vapo'ir  neither 
conchiaively  support  n..r  tlflinit.jly  l.'n  I  i..  iuvaliilaie  the  tlu-ory.  While 
the  radiation  emitte.1  by  this  vaixmr  in  the  Hame,  us  ol)s.-rve.l  hy  us, 
consisted  of  light  of  but  two  wavt-k'ii-tlis,  tlie  cllateial  '    :  :i>'al.!e 

.loes  not  alt..^'eth.T  sujiport  th.-  view  that  tlu'  ia.liati..n  i','',u  i  ly  .u;.r.  't 
umler  tlie  circumstances  was  really  conliiic.l  to  li;^ht  of  thi  -  •  wav'-l-Mi-'li'-, 
It  is  iKWsible  and  likely  that  rmliati.ui  also  Unik  place  in  t   ■  ■-] 

W'youd  that  which  cuM  h.;  .leteclcl  hy  a  .man/  .-i  if 

the  ui'tical  instrument  used  in  this  iiivcsiigalioii.    The  iacl  11 
thallium  vapour  in  the  Uame  was  observeil  cannot  therefore  c. 
used  for  or  against  Bohr's  theory. 

(j.  Sii  III  mil !■/  y.'- s/'//.<. 

1.  Meicury  vap..ur  whicli  is  fcl  into  the  tlame  ..f  a  lUiuseu  burner  is 
ionised,  and  the  radiation  from  the  vaiiour  consists  of  light  of  wave-length 
\  =  2.j:jG-72  A.U. 

♦  Bohr,  '  I'hil.  Mag.,'  vol.  26,  pp.  1,  -ITO,  807  (V.m)\  vol.  iT,  p.  :m  (llil  t);  v.,1.  :w, 
p.  394  (I'Jiri). 


il,  wliu.'li  \  '-^ 


f)08       Chi  thf  fnu>K>ittoH  of  yfvtulHv  Vapmrs  in  Flanti's. 


■J.  /iiiu  viiiitmr,  wlicn  iiijocU"!  iiitn  Himseu  Humes,  is  not  ionisod,  ami  does 
not  omit  any  li<;ht  cliaracteristic  of  the  si)ectruin  of  zinc. 

:!.  A  r.uii-eii  lliiiiif  svliii  h  is  suiPi>lii'(l  witii  fiulmium  vapour  omits  liu'Iit  of 
\vavf-leii>:tli  \  =  .J^GU  lT  A.l".  ivin'ii  the  iiileiisity  of  tlie  liame  is  weak,  and 
when  Imrning  siinn^ly  it  cmii^  light  of  wave-length  X  =  :J288'79  A.U.  as 
well.    The  cadmium  vapour  in  sut  h  flames  does  not  api)ear  to  be  ionised. 

4.  ;Mau'iu;sium  va]>oiir  which  is  f.d  inin  the  tlanie  of  a  lUinsen  Iminer 
omits  ligiil  of  wavo-lonuth  \  =  -IHo'l-l'l  A.l'.,  and  tlio  vaiHnir  in  the  liamo  is 
ionised.  The  ioni.sing  iMiicntial  for  atoms  of  magnesium  vapour  appturs  to  lie 
4-28  volts. 

T).  Tliallinm  vapmir,  when  it  i.--  fed  iiiln  a  llunsen  llanie.  lieconios  ^trl)ngly 
ionised,  and  under  those  cireunistam  •  -  cniit.s  liglil  of  the  wave-lengths 
\  =  5;i.50-65  A.l'.  and  X  =  377.V87  A.U. 

(5.  The  combined  n>sulis  nf  ihe  inve-<iiL:ali'in  neither  conclusively  snpjHirt 
nor  delinitely  tend  to  invalidate  lloiir's  theory  of  atomie  structure. 
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